The Preliminary Study of Function of Arabidopsis Gene SAV7 by 梁伟秋
  
学校编码：10384                                分类号       密级         




硕   士   学   位   论   文  
 
拟南芥 SAV7 基因功能的初步研究  





               指导教师姓名：陶  懿  教  授  
               专   业  名  称：微  生  物  学  
               论文提交日期：2016年 04月  
               论文答辩时间：2016年 05月  
               学位授予日期：2016年 06月  
 
答辩委员会主席：陈亮教授 
评     阅     人：  
 
 



















另外，该学位论文为（      陶懿                     ）课题（组）
的研究成果，获得（        陶懿       ）课题（组）经费或实验




   声明人（签名）： 
































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 





                             声明人（签名）： 














目  录  
摘  要  ......................................................................................................... 1 
Abstract ..................................................................................................... 3 
缩  写  对  照  表  ...................................................................................... 5 
第 1 章  前言  ............................................................................................ 6 
1.1 植物避荫反应  .............................................................................................. 6 
1.2 植物激素与避荫反应  ................................................................................. 7 
1.2.1 生长素 ................................................................................................... 7 
1.2.2 赤霉素 ................................................................................................... 8 
1.2.3 油菜素甾醇 ......................................................................................... 12 
1.3  本论文的研究目的及意义  ..................................................................... 18 
第 2 章  材料和方法  ............................................................................. 20 
2.1 材料  ............................................................................................................... 20 
2.2 主要仪器  ...................................................................................................... 25 
2.3 实验方法  ...................................................................................................... 26 
第 3 章  实验结果与分析  ..................................................................... 34 
3.1  sav7 突变体（shade avoidance 7）的避荫缺陷表型  .......................... 34 
3.1.1  sav7 突变体 ....................................................................................... 34 
3.1.2  sav7 突变体的叶柄和叶夹角的表型 ............................................... 35 
3.1.3  sav7 突变体的叶绿素的测量 ........................................................... 36 
3.1.4  sav7 突变体在黑暗条件下的表型 ................................................... 37 
3.1.5  遮荫对 SAV7 基因的转录调控 ........................................................ 38 
3.1.6  sav7 突变体互补实验 ....................................................................... 39 
3.2  sav7 突变体与生长素的关系  ................................................................ 41 
3.2.1  sav7 对生长素的应答 ....................................................................... 41 
3.2.2  高温处理下的下胚轴表型 ............................................................... 42 















3.3  sav7 突变体和赤霉素途径的关系  ........................................................ 45 
3.3.1 赤霉素处理下的表型 ......................................................................... 45 
3.3.2  sav7 突变体对暗处理的反应 ........................................................... 45 
3.3.3  GA 生物合成基因在 sav7 突变体的表达 ....................................... 46 
3.4  sav7 突变体和油菜素内酯途径的关系  ............................................... 47 
3.4.1  eBL 处理后的下胚轴表型 ............................................................... 47 
3.4.2  检测 sav7 突变体 BR 途径中相关基因的表达 ............................... 48 
3.4.3  检测 sav7 突变体的 BES1 的表达 ................................................... 49 
第 4 章  讨论  .......................................................................................... 52 
4.1  SAV7 基因调控避荫反应  ....................................................................... 52 
4.2  SAV7 基因与生长素途径的关系  .......................................................... 52 
4.3  SAV7 基因与赤霉素途径的关系  .......................................................... 53 
4.4  SAV7 基因与油菜素甾醇途径的关系  ................................................. 53 
第 5 章  展望  .......................................................................................... 54 
5.1  SAV7 基因与 BR 信号途径的进一步探索  .......................................... 54 
5.2  SAV7 互作蛋白的筛选  ........................................................................... 54 
5.3  SAV7 下游靶基因的鉴定  ....................................................................... 55 
5.4  SAV7 的调控  ............................................................................................. 55 
参考文献  ................................................................................................. 56 




















   Contents 
Chinese Abstract ...................................................................................... 1 
English Abstract ....................................................................................... 1 
Abbreviation Comparison Table ............................................................ 5 
Chapter 1 Introduction ........................................................................... 6 
1.1 Shade avoidance response(SAS) ........................................................................... 6 
1.2 Phytohormone and SAS ........................................................................................ 7 
   1.2.1  Auxin ........................................................................................................... 7 
   1.2.2  Gibberelin .................................................................................................... 8 
   1.2.3  Brassinosteroid .......................................................................................... 12 
1.3 The purposes and significance of reaserch ........................................................ 18 
Chapter 2 Materials and methods .................................................... …20 
2.1 Materials ............................................................................................................... 20 
2.2 Main instruments ................................................................................................. 25 
2.3 Methods ................................................................................................................. 26 
Chapter 3 Results and analysis ............................................................ .34 
3.1  sav7-1 mutant phenotype in shade .................................................................. 34 
3.1.1  sav7 mutants………………………………….…………………………..34 
3.1.2  sav7 mutants’ petiole and leafangle……………………………….……...35 
3.1.3  sav7 mutants’ chlorophyllcontent………………………………………...36 
3.1.4  sav7 mutants’ phenotype in dark………………………………….………37 
3.1.5  SAV7 gene expression in sav7 mutants…………………………….……..38 
3.1.6  Complementation test for sav7-1…………………………………..……..39 
3.2  The relationship between auxin and sav7 mutant…………………………...41 
3.2.1  Hypocotyl phenotype with picloram treatment…………………………..41 















3.2.3  Downstream genes expression in auxin signaling pathway……………..43 
 3.3  The relationship between gibberellin and sav7 mutants………………...45 
3.3.1  Hypocotyl phenotype with GA treatment………………………………..45 
3.3.2  Response to dark…………………………………………………………45 
3.3.3  Expression of GA synthesis in sav7 mutants……………………….........46 
3.4  The relationship between brassiosteroid and sav7 mutants……………....47 
3.4.1  Hypocotyl phenotype with eBL treatment……………………………….47 
3.4.2  Realated genes expression in BR signaling pathway…………………….48 
3.4.3  BES1 protein level in sav7-1 mutant………………………………..........49 
Chapter 4 Discussion ............................................................................. 52 
4.1  SAV7 gene regulates shade avoidance response ............................................ 52 
4.2  SAV7 gene connections with auxin pathway .................................................. 52 
4.3  SAV7 gene connections with gibberellins ....................................................... 53 
4.4  SAV7 gene connections with brassinosteroids pathway ................................ 53 
Chapter 5 Outlook ................................................................................. 54 
5.1 Further investigation for SAV7 gene and BR signaling pathway…............54 
5.2 Screening proteins interacted with SAV7…..................................................54 
5.3 Identification for target genes of SAV7 downstream....................................55 
5.4 SAV7 regulation...............................................................................................55 
References .............................................................................................. .56 



























Biological Research Center）获得的 SAV7 基因功能缺失 T-DNA 插入的突变体
sav7-2，进行了表型的比较和互补实验，确认了二者为等位突变体，由此验证了





发现 GA 也不能回复 sav7 突变体在遮荫下下胚轴矮的的表型。GA 介导了蔗糖与
黑暗处理诱导的下胚轴伸长。sav7 突变体虽然表现出该反应的缺陷，但是黑暗下
蔗糖诱导的 GA 合成酶 GA3ox1（GA 3-oxidase1）的表达在 sav7 突变体中明显升
高了。我们推测 SAV7 基因的突变可能影响了 GA 下游效应的产生。在遮荫条件
下，用油菜素内酯（Brassinosteroid, BR）处理的 sav7 突变体同样不能回复其下
胚轴短小的表型，说明 SAV7 可能与油菜素内酯途径相关。进一步的研究表明，
sav7 突变体中 BR 途径相关的 CPD(CONSTITUTIVE PHOTOMORPHOGENESIS 


































Light and temperature are extremely important factors to regulate plant growth 
and development. In order to adapt changes in their ambient environment, plants have 
evolved a set of mechanisms to sense the changes in light and temperature, 
respectively, and then stimulate a series of responses to adapt themselves to those 
changes. When plants grown at high densities, Arabidopsis thaliana can perceive a 
decrease in the light quality and the red to far-red(R: FR) of incoming light, which 
dramatically elongate petioles and hypocotyl, enhance leaf hyponasty and decrease 
the content of chlorophyll and so on. And these changes are known as Shade 
Avoidance Syndrome (SAS) so that the plants can escape from shade to get more 
limited light resources. What’s more, exposure of Arabidopsis plants to high 
temperature(29℃) also resulted in a dramatic change in plant development, including 
elongation of petioles and hypocotyl, reduced hyponasty and so on. These changes 
aim to optimize growth in high temperature so that the plants can minimize the 
heat-related damage. 
Our laboratory member has gained sav7-1 mutant by forward genetic screening. 
Through map-based cloning of shade avoidance mutant sav7-1, a mutation at 
chromosome 3 was identified. In this study, we investigated the sav7-2 obtained from 
ABRC (Arabidopsis Biological Research Center), which contains a T-DNA insertion 
in SAV7 gene. We found that sav7-1 and sav7-2 are allelic by comparing their 
phenotypes and conducting a complementation test, which confirmed that the 
phenotype of sav7-1 mutant was due to a defect in SAV7 gene. In addition, we 
preformed preliminary investigation on the molecule mechanism of SAV7. We found 
that picloram, an auxin analogue could not rescue the short hypocotyl phenotype of 
sav7 mutant under shade, but auxin responsive genes expression induced by shade are 
normal in sav7 mutant. We concluded that sav7 mutant is not defective in auxin 
biosynthesis or auxin perception. It may influence other downstream responses of the 















response of sav7 mutant to GA in shade, and found that GA could not rescue the short 
hypocotyls of sav7 mutants in shade, either. As we know, in the presence of sucrose, 
GA is required for dark-induced hypocotyl elongation. Though sav7 mutants are 
defective in inducing the hypocotyl elongation in dark in the presence of sucrose, GA 
synthetic enzyme -GA3ox1 (GA 3-oxidase1) induced by sucrose and dark is 
upregulated in sav7 mutants. We reasoned that mutation in SAV7 gene may somehow 
influence GA signaling as well. In shade, BR also couldn’t rescue the short hypocotyl 
of sav7 mutants, suggesting that SAV7 is not defective in the biosynthesis of BR, 
either. Further analysis showed that the expression of CPD (CONSTITUTIVE 
PHOTOMORPHOGENESIS AND DWARFISM) and BES1 (BRI1-EMS 
SUPPRESSOR 1)genes were increased in sav7 mutant; BES1 splicing was altered; 
BES1 protein level was decreased and its response to BR was compromised. Our 
results demonstrated that SAV7 gene play a role in the BR signaling.  
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第 1 章  前言  










































1.2 植物激素与避荫反应  
植物激素是一类在植物体内合成，能从产生部位运到作用部位，在低浓度（≤ 














经过 TAA1（Tryptophan aminotransferase of Arabidopsis 1）催化合成 IPA，接着
在 YUC(YUCCA, Flavin monooxygenase-like proteins)催化下，IPA 生成 IAA[24, 26, 
27]。在遮荫环境下，生长素合成速率增加，浓度升高，进而会快速诱导植物的生
长素应答基因，如 IAA19、IAA29 等表达[28]，并转运至叶柄、下胚轴，促进细胞
的伸长。拟南芥 TAA1 的基因突变体 sav3（shade avoidance, sav3-1、sav3-2、sav3-3）
是通过正向遗传学方法筛选出来的避荫反应突变体[24]。TAA1 能催化 L-色氨酸形






















载体运输至下胚轴，促进下胚轴的伸长。生长素的转运突变体 pin3[25, 29]和 pin7[30, 





































图 1-1 高等植物中 GA 合成和分解途径 [15] 




催化下，GGDP 环化形成 CPP(古巴焦磷酸)，后者在 KS(内根-贝壳杉烯合酶)催
化下环化成赤霉素的前身，即 ent- kaurene（内根-贝壳杉烯）。这一反应是在质体
中进行的。 
第二阶段在内质网膜上进行，ent- kaurene 通过一系列由细胞色素 P450 单加
氧酶和双加氧酶催化的氧化反应转化成 GA12，这些过程中涉及的酶有 KO（内根
-贝壳杉烯氧化酶）和 KAO（内根-贝壳杉烯酸氧化酶）。GA12 通过 GA13ox（GA13-
羟化酶）被进一步转化为 GA53。 
最后合成的阶段是在细胞质中，GA12 和 GA53 分别在 GA20ox（GA20-氧化
酶)的作用下，分别逐步氧化成 GA9 和 GA20，然后在 GA3ox（GA3β-羟化酶)的
催化作用下分别转化为有生物活性的 GA4 和 GA1，然后被 GA2ox（GA2-氧化酶)
氧化成无生物活性的 GA34 和 GA8。 
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